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Abstract
Four-port laparoscopic cholecystectomy (LC) is the gold standard treatment for symptomatic gallbladder disease. To reduce the
invasiveness of standard four-port laparoscopic cholecystectomy, single-incision laparoscopic cholecystectomy (SILC) has come
about an attractive option for the performance of laparoscopic cholecystectomy. There have been no studies on SILC from Indian
subcontinent. The present study was designed to compare the outcomes of SILC with the standard four-port LC in a prospective
randomized controlled trial. All patients with symptomatic gallstone disease were evaluated between May 2012 and April 2014.
Patients were randomized to either standard four-port laparoscopic cholecystectomy (LC group) or single-incision laparoscopic
cholecystectomy (SILC group). Demographic profile, preoperative and intraoperative variables, postoperative complications,
hospital stay, and pain scores were recorded.WHO-QOLBREFwas used for quality of life analysis. Patients were followed up at
regular intervals, and satisfaction scores were recorded. Statistical analysis was done using STATA 12 and p value < 0.05 was
considered significant. Out of 94 patients, 90 received the intended treatment, and four cases in SILC group were converted to
standard four-port cholecystectomy. The demographic profile and preoperative WHO-QOL BREF scores were comparable
between the two groups. Severity of adhesions, successful dissection of Calot’s triangle, ergonomics, and overall level of
difficulty were also comparable. Operation time was significantly higher in SILC group, but the learning curve was seen to be
achieved after 30–35 cases. There was no significant difference in the incidence of immediate postoperative and chronic pain
over a mean follow-up of 6 months except for pain score during normal activity in immediate postoperative period which was
significantly higher in SILC group. Overall complication rate was significantly higher in SILC group, however the incidence of
SSI was not found to be significant among the two groups. There was one case of transient bile leak and one case of intra-
abdominal bleeding due to slippage of cystic artery clip. Postoperative quality of life outcomes were similar in the two groups.
Although not significant, patients with SILC group had higher cosmetic score compared with the LC group. In conclusion, this
study shows that SILC is a safe and feasible with a higher rate of complications but comparable cosmetic and QoL outcomes
when compared with standard 4-port cholecystectomy.
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Introduction

Laparoscopic cholecystectomy (LC) is the gold standard treat-
ment for benign and symptomatic gallbladder disease [1, 2].

The standard laparoscopic cholecystectomy has been associated
with a conversion rate of 0.2% [3], biliary complication rate of
0.26 to 0.6% [4, 5], and bowel injury rate of 0.14 to 0.35% [4, 5].
There has been a continuous endeavor to reduce the invasiveness
and thuswound-related complications of LC, and simultaneously
improve the cosmetic outcomes of LC [6]. Various natural ori-
fices including the transgastric, transrectal, and transvaginal route
have been used as access without much success [7, 8].

To reduce the invasiveness of standard four-port cholecys-
tectomy, single-incision laparoscopic cholecystectomy
(SILC) has also become an attractive option for the
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performance of laparoscopic cholecystectomy [9, 10]. There
have been numerous trials which include case studies and case
series which have demonstrated the feasibility and efficacy of
this single-incision technique, however risk/benefit ratio of
SILC is not well established. There has been concern about
the risk of increased complications in this procedure. In a
study by Allemann et al. [11], the incidence of bile duct injury
was 0.4%, and in a study by Jørgensen et al. [12], the inci-
dence of incisional hernia was 2%. The current published
literature is not yet conclusive on efficacy, safety, short- and
long-term outcome. There are studies concluding lower pain
and better cosmetic results in SILC [9], and others concluded
higher pain and no significant difference in cosmetic results
[10]. The present prospective randomized controlled study
was designed to compare efficacy, safety, success, and cost
of SILC related to surgical outcome, acute and chronic pain,
cosmetic outcome, and quality of life with that from standard
four-port standard LC.

Research question. Is SILC better than standard 4-port cho-
lecystectomy in terms of safety, success, cost, cosmetic out-
come, and quality of life outcomes?

Materials and Methods

This studywas conducted as a superiority trial in a single surgical
unit at a tertiary care hospital, after clearance from the Institute
Ethics Committee from 3 November 2012 to 31 July 2014. The
trial was registered in Clinical Trial Registry of India
(CTRI/2012/10/004155). The study was a single blinded study.

All consecutive patients presenting with symptomatic gall-
stone disease undergoing surgery for gallstones were included
in the study and prospectively randomized into two groups
based—group 1, standard four-port LC; group 2, SILC.

Patients who do not give consent for participation in the
study, age < 18 years, morbid obesity (BMI ≥ 30 kg/m2), pre-
vious history of acute cholecystitis, pancreatitis or cholangitis,
unfit for general anesthesia, uncorrectable coagualopathy, sig-
nificant co-morbidities like coronary artery disease, asthma,
COPD, uncontrolled diabetes mellitus (HbA1c > 8), hyperten-
sion and previous malignancy, and patients requiring other
concomitant procedures were excluded from the study.

Work-up of Patient

Patients with gallstone disease underwent detailed clinical ex-
amination and laboratory investigations. The demographic
profile like age, sex, and history of the illness; like duration
of symptoms, history of jaundice, history of cholangitis, num-
ber of episodes of biliary colic, and any history of acute cho-
lecystitis or pancreatitis were noted in a prestructured pro
forma. Routine hemogram and biochemistry was done. A
transabdominal ultrasound was done, and findings were noted

including number of stones, size of stone, gallbladder wall
thickness, status of CBD, and other relevant findings.

Assuming that complications in the two modalities are the
same (blood loss) with no difference in cosmetic outcome, the
operative time with significant difference (41.3 ± 12 min in
SILC and 35.6 ± 16 min in four port (p value = 0.01)) [13]
was used with a α value of 5% and power 80%; a sample size
of 86 was calculated. Assuming a dropout rate of 10%, 100
patients were enrolled with 50 patients in each group.

Only those patients who gave written consent for both the
procedures were randomized. Randomization was done using
computer-generated random numbers using block randomization
technique and were divided into blocks of eight using sealed
envelopes to ensure concealed allocation. The study was done
according to CONSORT [14] guidelines for randomized trials
and ICMR/GCP guidelines for study on human subjects.

Group 1 patients underwent a standard four-port cholecys-
tectomy and group 2 underwent a SILC using SILS™ port
(COVIDIEN™) placed at the umbilicus.

Primary Outcome Measure

The primary outcome measure was defined as the successful
removal of gallbladder by intended modality, i.e., by standard
four-port laparoscopic cholecystectomy in group 1 and single-
incision laparoscopic cholecystectomy in group 2.

Secondary Outcome Measures

1. Intraoperative parameters
2. Morbidity
3. Operative time
4. Level of difficulty. Level of difficulty was graded by the

cumulative scores of the following parameters by the sur-
geon depending on his judgment at the end of the
procedure

5. Hospital stay
6. Pain score. Pain was recorded on visual analog scale

(VAS) at preoperative period, immediate postoperative
period, 24 h after operation, or at the time of discharge
whichever was early and during follow-up at 1 week,
6 weeks, 3 and 6 months, and further grouped into differ-
ent level of activity, i.e., at rest, normal activities, strenu-
ous exercise, and in last 24 h.

7. Quality of life. All patients were given WHO quality of
life assessment pro forma (WHOQOL-BREF) in English
and Hindi after admission to hospital. The same pro forma
was also given at 3 months follow-up and findings were
compared.

8. Patient satisfaction score. Cosmesis was analyzed by pa-
tient’s satisfaction score on surgery and on scar at 1 week
which was labeled on Likert’s verbal rating scale (VRS).
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Follow-Up Assessment

Postoperatively, the patients were followed up at 1 week,
6 weeks, 3 months, and up to 6 months. The presence of pain
and its severity was recorded on VAS, condition of the wound,
and any other problem were noted on the prestructured pro
forma.

Statistical Analysis

Data was collected and managed using Microsoft Excel
(Microsoft Office Standard 2010 version 14.0, Seattle, WA,
USA, Annexure VII) and analyzed by using STATA 12
(College Station, TX, USA). The unpaired Student’s t test
was used to determine the significance of difference between
two independent groups for continuous variables. For skewed

data, a corresponding nonparametric test, the Mann-Whitney
U test was applied. For qualitative data, the chi-square test was
used to compare the groups. Intent to treat analysis was per-
formed to compare the outcomes. A p value < 0.05 was con-
sidered significant.

Results

Demography and Patient Parameters

A total of 369 patients with symptomatic gallstone disease
were screened for inclusion in the study in a single surgical
unit between November 2012 and July 2014. After exclusion,
94 (25.5%) patients with symptomatic gallstone disease were
included in the study (CONSORT diagram, Fig. 1). They were
divided into two groups.

276 patients excluded

158 – exclusion criteria

i. Previous history of acute 
cholecystitis- 23

ii. Undergone ERCP- 66
iii. Morbidly Obese – 15

iv. Multiple co-morbidities-
29

v. Major abdominal surgery-

15

98 – Unwilling 

19- Did not receive allotted 

treatment

47 SILC

(Group II)

47 LC

(Group I)

47 treated

4 converted to standard 

four port

47 analysed47 analysed

94 patients 

randomized

369 patients assessed for 

eligibility

47 treated

Fig. 1 CONSORT diagram
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Group 1 included 47 patients who underwent standard
four-port LC, and group 2 included 47 patients who
underwent SILC.

Both groups were comparable in terms of demographic,
preoperative clinical, biochemical as well as radiological pro-
file. (Table 1).

Intra-Operative Findings

Laparoscopic cholecystectomy could be completed success-
fully in 100% patients in LC group as compared with 91.5% in
SILC group. The success rate in LC group was 8.5% higher
than SILC group with a success ratio of 1.09 (Table 2).
However, this clinically apparent difference did not translate
into a statistically significant difference (p value = 0.12).

Both the groups were comparable in terms of intraoperative
parameters. Both groups were comparable in terms of intra-
abdominal adhesions. Both the groups had comparable inci-
dence of bile and stone spillage (8 (17.0%) vs 6 (12.7%), p
value = 0.5 and 3 (6.4%) vs 5 (10.6%), p value = 0.4).
Significantly larger number of patients in the LC group re-
quired either dilatation of epigastric port or extension of skin
incision for delivery of gallbladder (15 vs 0, p value = 0.01).

There was also apparent difference between two groups in
terms of level of difficulty with 8.5% (4 out 47) procedures in
SILC group graded as difficult by the operating surgeon as
compared with none in LC group. However, this difference
did not translate into a statistically significant difference (p
value = 0.12) (Table 2).

The mean operative time was significantly higher in the
SILC group when compared with LC group ((35.5 ±
7.03 min vs 28.2 ± 6.4 min (p value = 0.01)) (Table 2). On
further analyzing the operative time by applying “moving av-
erages,” we found that the operative time was longer in SILC
group compared with LC group in the initial 30 cases only and
there after become comparable (Fig. 2).

Postoperative Parameters

Hospital Stay

The average hospital stay for the study group was 26.04 h, and
both groups were comparable in terms of hospital stay (25.21
± 5 h in LC group vs 27.06 ± 7 h in SILC group (p value =
0.9)) (Table 2).

Complications

Patients undergoing SILC had significantly higher complica-
tion rate (3 (6.4%) in LC group vs 10 (21.3%) in SILC group
(p value = 0.020)). Three patients In LC group had SSSI and
were managed with local wound care and oral antibiotics. In
SILC group, 6 (12.7%) patients had SSSI, 2 (4.2%) patients
had seroma, 1 patient had transient bile leak, and 1 patient
developed bleeding in the immediate postoperative period
and had to be re-explored. On re-exploration, bleeding was
found from slippage from cystic artery clip which was ligated,
and the patient made an uneventful recovery (Table 2).

Pain Outcome (Table 3)

The pain score was analyzed on VAS. The preoperative pain
score in SILC group was comparable with that in LC group
(0.41 ± 0.49 vs 0.40 ± 0.49 (p value = 0.092)). Also, the pain
scores in the postoperative period and at follow-up were com-
parable between the LC and SILC group with no patient in
either group having pain at 6 weeks and 3 months. However,
there was significantly lower pain in the LC group in the

Table 1 Comparison of demographic, clinical, and radiological profile

Baseline characteristics LC (n = 47) SILC (n = 47)

Age (years)

Mean ± SD 34.15 ± 8.3 32.5 ± 9.14

Range (18–52) (18–51)

Sex

Male 15 (31.9%) 12 (25.5%)

Female 32 (68.1%) 37 (78.7%)

BMI (kg/m2)

Mean ± SD
Range

22.10 ± 2.14
(19.65–27.5)

22.36 ± 2.38
(18.04–28.25)

Previous abdominal surgery 14 (29.8%) 10 (21.3%)

Hemoglobin (gms/dl)

Mean ± SD 12.85 ± 1.33 13.02 ± 1.38

Bilirubin (mg/dl)

Mean ± SD 0.55 ± 0.21 0.58 ± 0.20

SGOT (IU)

Mean ± SD 20.46 ± 5.8 20.63 ± 5.62

SGPT (IU)

Mean ± SD 21.12 ± 4.47 21.18 ± 4.5

Alkaline phosphatase (IU)

Mean ± SD 180.2 ± 32.47 179.29 ± 32.75

TLC (mm3)

Mean ± SD 6586.4 ± 1079.62 6694.54 ± 1161.98

USG findings

CBD diameter (mm)

Mean ± SD 4.18 ± 0.80 4.1 ± 0.88

Stone size (mm)

Mean ± SD 5.34 ± 2.54 5.36 ± 2.48

GB

Wall thickness (mm)

Mean ± SD 0.293 ± 0.1 0.278 ± 0.1

Solitary stone 12 (27.7%) 15 (30%)
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immediate postoperative period as compared with SILC group
at normal activity, but the difference was not seen at 24 h and
at 1 week.

Quality of Life

The quality of life was assessed using the WHOQOL-BREF
(field trial version) which are divided into four domain scores,
i.e., physical health, psychological, social health, and environ-
ment, and these domains were further divided into individual
facets. Both the groups were comparable in terms of quality of
life (QoL) with higher mean scores in SILC group compared
with LC group, which was however not statistically signifi-
cant (Fig. 2).

Cosmetic Outcome

Overall patients in both groups were well satisfied by the
cosmetic outcome of the procedure. In LC group, patient sat-
isfaction score was 3.73 which was marginally lower than
SILC group (3.58). But this did not translate into statistically
significant difference (p value = 0.24) (Fig. 2).

Discussion

LC is the gold standard treatment for gallstone disease. The
technique of laparoscopic cholecystectomy has been standard-
ized, and the outcome of the patients following LC is almost
stable with a conversion rate of 0.2% [3], biliary complication
rate of 0.26 to 0.6% [4, 5], and bowel injury rate of 0.14 to
0.35% [4, 5]. Majority of the morbidity related to pain, wound
complications, and cosmetic outcomes are related to the ac-
cess sites for LC. The wound-related complications still ac-
count for almost 2.3% of the overall morbidity [6]. There has
been a continuous endeavor to reduce the invasiveness and
thus wound-related complications of LC, and also improve
the cosmetic outcomes of LC. Various natural orifices includ-
ing the transgastric, transrectal, and transvaginal route have
been used, however their results have not been satisfactory
with a question on their safety and reproducibility of the tech-
nique [7, 8].

SILC is associated with single-incision and is considered
less invasive to standard four-port laparoscopic cholecystec-
tomy. Thus, it has become an attractive option for performing
cholecystectomy. There has been tremendous development in
this field in the last decade and various access devices and
instruments have been developed to carry out SILC. Though
there are few studies which have demonstrated the efficacy of
SILC, the pros and cons associated with SILS cholecystecto-
my are still not clear. It has been documented that there is risk
of complications in this procedure. Allemann et al. [11] has
documented 0.4% incidence of bile duct injury in their series,
whereas Jørgensen et al. [12] has noted 2% incidence of
incisional hernia development following SILC. The present
literature is not conclusive on safety and long-term outcomes
of this procedure. There have been no studies on SILC from
Indian subcontinent.

We have studied the level of difficulty experienced by the
surgeon while performing the two procedures. Although the
level of difficulty was not different between the two proce-
dures, but the surgeons were not very comfortable in
performing the SILC as compared with LC. The major diffi-
culty was felt at the time of dissection around the Calot’s
triangle and during the application of the liga clips for ligation
of cystic duct and cystic artery. The surgeons felt that difficul-
ty was because of problem in visualization, and the instru-
ments were in coaxial line with CBD which was a major

Table 2 Comparison of Outcome

LC (n = 47) SILC (n = 47) p value

Primary outcome

Successful 47 (100%) 43 (91.5%) 0.12
Unsuccessful 0 4(8.5%)

Secondary outcome

Bile Spillage 6 (12.7%) 8 (17.0%) 0.77

Stone Spillage 5 (10.6%) 3 (6.4%) 0.72

Blood loss (ml) 0.8

Mean ± SD 18.7 ± 9.17 18.29 ± 8.55

Extension of sheath incision 7 (14.9%) 0% 0.02

Adhesions

Flimsy (score 1)
Moderate (score 2)
Dense (score 3)

23(48.9%)
18(38.2%)
0

19(40.7%)
22(46.8%)
1 (2.1%)

0.27
0.28
0.89

Calot’s triangle 0.4
Not difficult (score1)
Difficult (score 2)
Very difficult (score 3)

47 (100%)
-
-

44 (93.6%)
1 (2.12%)
2 (4.2%)

Ergonomics 1
Comfortable (score 1) 47 (100%) 47 (100%)

Dissection of gallbladder 1
Not difficult 47 (100%) 47 (100%)

Level of difficulty 0.12
Not difficult (score 0–4)
Difficult (score 5–8)

47 (100%)
0

43 (91.5%)
4 (8.5%)

Operative time (minutes) 0.01
Mean ± SD 28.2 ± 6.4 35.5 ± 7.03

Postoperative parameters

Hospital stay (hours) 0.9
Mean ± SD 27.06 ± 7 25.21 ± 5

Complications 10 (21.3%)

Total 3 (6.4%) 6 (12.8%) 0.020

SSI 3 (6.4%) 2 (4.2%) 0.21

Seroma NA 1 (2.1%) -

Bile leak NA 1 (2.1 %) -

Intra-abdominal bleeding NA 10 (21.3 %) -
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Comparison Quality of Life in LC and SILC group at 3 months

Comparison of Cosmetic Outcome

Operative time trend in LC and SILC group

0
20
40
60
80

100

LC

SILC

2 2.5 3 3.5

cosme�c outcome

SILC

CLC

Fig. 2 QOL, cosmetic outcomes,
and learning curve comparison
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hindrance and source of difficulty. All the surgeons were un-
comfortable in performing the procedures which suggested
the complexity of the procedure and stresses the point that
SILC although feasible but still requires a lot of further im-
provements in instrumentation, refinement in technique, and
platforms for safe performance of this procedure.

The risk of conversion seems to be higher with SILC as
compared with LC. In a meta-analysis by Milas et al. [15],
overall procedure failure was 69 (6%) among 1142 SILC. The
pooled incidence of failure with SILC was 4.39% vs. 0.53%
with LC although the difference was statistically not signifi-
cant (p value = 0.019). However with increasing experience
with SILC, the risk of procedure failure seems to have been
reduced. In 10 trials with > 40 SILC procedures, failure was
3.30% [16]. In another study by Feinberg et al. [17], the con-
version rate to conventional laparoscopic cholecystectomy
was 10% (p value = 0.09) during the initial cases and after
the tenth case, the incidence of conversion went down to zero.
In our study, there were 4 (8.51%) conversion in the SILC
group to standard laparoscopic cholecystectomy, and conver-
sion rate was not significant (p value = 0.12).

The overall complication rate was significantly higher in
SILC. This may be due to longer periumbilical incision and its
contamination during the delivery of the gallbladder, subopti-
mal hygiene of umbilicus itself despite cleaning [15]. Because
anatomically umbilicus is probably the most difficult location
for antiseptic and aseptic precautions and most SILC incision
were given through umbilicus. Thus, postoperative wound
infection at the umbilical site has been a major concern [18]
although infection was of minor SSI. In our study, there has
been a marginally higher incidence of wound infection, but
the difference was not statistically significant (p value = 0.12).
Similar findings were also reported in meta-analysis by Geng
et al. [18] and Allemann et al. [11].

Like any other minimally invasive technique, SILC perfor-
mance also had a definitive learning curve. The learning curve
for single-port cholecystectomy primarily reflects the difficul-
ty experienced in understanding the spatial restriction caused
by the close proximity of the instruments and the camera. In
our study, learning curve for SILC even for skilled laparoscop-
ic surgeons was seen to be obtained after 30 to 35 cases. In a
meta-analysis by Milas et al. [15], operating time (30 trials)
was significantly longer with SILC group (WMD = 12.4 min,
p value < 0.001), but the difference reduced with experience in
10 large trials (1321 patients) (WMD= 5.9, p value = 0.1). In a
similar meta-analysis by Geng et al. [18], LC group was su-
perior to SILC group in operating time (WMD = 13.613,
p < 0.001). In a study by Barb et al. [9], the average operative
time for patients who underwent SILC was significantly lon-
ger in comparison with those who underwent standard four-
port laparoscopic cholecystectomy (56.3 vs 41.7 min, p val-
ue = 0.01). In a study by Feinberg et al. [17], the average
length of time for the first 25 cases was 80 min. WhenTa
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compared with cases 26 to 50, the average length of time was
60 min (p < 0.05). In the present randomized study, also the
mean operative time was significantly higher in the SILC
group when compared with LC group (35.5 min vs 28.2 min
(p value = 0.01).

1pt?>Postoperative pain is a surrogate marker of
procedure-related trauma. Outcome of SILC in terms of
postoperative pain is variable in literature. Meta-analysis
of various studies suggest no difference in postoperative
pain in both the techniques [15, 18]. However, studies in-
cluded in these meta-analysis were often heterogenous, and
there was no uniformity in measure of pain as well as ac-
tivity level at the time of pain measurement. Some studies
have measured pain at rest while some during activity. Our
study is unique in this regards as we have analyzed pain at
various level of daily activity. In our study, there was sig-
nificantly lower pain in the LC group at normal activity in
the immediate postoperative period as compared with SILC
group (4.92 vs 5.2 (p value = 0.0068)). As in the present
trial, similar finding were also reported in two randomized
trials. These randomized trials also reported significantly
increased postoperative pain with no difference on follow-
up in patients allocated to SILC [19, 20]. Increased pain
may be a result of additional torque applied in SILC to
allow for triangulation and exposure, or it may be a result
in increased incision length at a single location.

QOL of patients has become a central evaluation parameter
for chronic illness and morbidity. There is paucity of data in
literature addressing the comparison of quality of life in stan-
dard four-port cholecystectomy and single-incision laparo-
scopic cholecystectomy. In a study by Hauters et al., QOL
was assessed with the Gastrointestinal Quality of Life Index
(GIQLI) questionnaire, and postoperative GIQLI scores were
not significantly different between the two groups. In the cur-
rent study, both groups were comparable in baseline quality of
life, preoperatively, postoperatively at 3 months. Thus, SILC
did not offer any advantage over standard four-port cholecys-
tectomy in terms of cosmesis as well as QOL.

The main limitation of this study is lack of long-term fol-
low-up; hence, the incidence of port site hernia, a major com-
plication after SILC, could not be commented upon.

In conclusion, this study shows that SILC is a safe and
feasible with a higher rate of complications, but comparable
cosmetic and QOL outcomeswhen comparedwith standard 4-
port cholecystectomy.
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